Mitotic DNA damage response: Polo-like kinase-1 is dephosphorylated through ATM-Chk1 pathway.
DNA damage during the cell division cycle can activate ATM/ATR and their downstream kinases that are involved in the checkpoint pathway, and cell growth is halted until damage is repaired. As a result of DNA damage induced in mitotic cells by doxorubicin treatment, cells accumulate in a G2-like phase, not in mitosis. Under these conditions, two mitosis-specific kinases, Cdk1 and Plk1, are inhibited by inhibitory phosphorylation and dephosphorylation, respectively. G2-specific phosphorylation of Cdc25 was increased during incubation after mitotic DNA damage. Inhibition of Plk1 through dephosphorylation was dependent on ATM/Chk1 activity. Depleted expression of ATM and Chk1 was achieved using small hairpin RNA (shRNA) plasmid constructs. In this condition, damaged mitotic cells did not accumulated in a G2-like stage, and entered into G1 phase without delay. Protein phosphatase 2A was responsible for dephosphorylation of mitotic Plk1 in response to DNA damage. In knockdown of PP2A catalytic subunits, Plk1 was not dephosphorylated, but rather degraded in response to DNA damage, and cells did not accumulate in G2-like phase. The effect of ATM/Chk1 inhibition was counteracted by overexpression of PP2A, indicated that PP2A may function as a downstream target of ATM/Chk1 at a mitotic DNA damage checkpoint, or may have a dominant effect on ATM/Chk1 function at this checkpoint. Finally, we have shown that negative regulation of Plk1 by dephosphorylation is important to cell accumulation in G2-like phase at the mitotic DNA damage checkpoint, and that this ATM/Chk1/PP2A pathway independent on p53 is a novel mechanism of cellular response to mitotic DNA damage.